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I. Michael Cqrneuus Gbrrard, a British 
SuWcct. of 18 mghfield Road. Cbeadle 
Hmme. Cbeslme, do hereby dedaie the 
bvDstion^ for which I pray that a patent 
may be granted to me. and the method 
by which it is to be perf6rnied» to be par- 
ticularly described in and by the following 
statement: — 

This invention is concerned with a device 
for protecting alternating curvent electrical 
circuits and apparatus, tn particttlar port* 
able affaiHQs, against asaigim anskg 
through faults and also aeainst those arising 
through incorrect connections being made. 

A brge proportion of portable domestic 
eiectncal appliances such as suction 
cleaners, hair divers. ]avm mowers, electric 
blankets, portable drills, are at the present 
day still only fitted with two-core cables, 
havmg live and neutral only, and there is 
no legal compulsion for the provision of an 
earth conductor. The consequent danger 
of the appliance becomiqg electrically vm 
is increased if in addition Sie leads are con- 
nected wronglv to the supply so that the 
single-pole switch is in the neutral instead 
of in the live conductcnr. 

Where three pin earthed supply sockeu 
are provided there is still nothing to ensure 
that three-core cable is used to the appli- 
ance, and (unhermore even where thre^<0I« 
cable is used tiiere is no certainty diat it» 
will be connected correctiy. When it is 
appreciated diat there are six different 
posdble ways of connecting three wiies to 
Uiree terminals. on|y one of which is correct, 
it will be understood that it is very ea^ 
for an appliance to be wrongly connected 
to a plug by inexperienced hands. Fre- 
quentb the appliance vmks satisfactorfly 
and the danger is not realised imtQ an 
aoddent results. 

Agata, even with the appliance correctly 
wired to tiie plug, any interruption of the . 
earth conductor will not be detected and 



the appliance wiQ oonthrae to be used in a 
potentially dangerous state. In industry the 
earth connection of portable appilianoes is 
often checked by discharging a heavy current 
tiirough it from a test instrument firom time 
to time, but no such check protects the 
domestic user of apidianoes. 

It is known to provide various ^ \n^ n of 
safe^ device indues differential trans- 
formers and relays^ earm-leakage relays, and 
also transformers of which the secondaiy 
wmding produces a low-voltage output which 
causes a current to circulate in the earth 
lead of tiie appliance ^ be protected. How- 
ever, none oi these devices so far imposed 
has ensured first^ that the earth connection 
is continuous xis^t back to its point of union 
with the neutral line of the mains supply 
and second^ that the applianoe cannot be 
connected, even momentarily, unless the 
connections are substantially correct 

The aim of the invention is to overcome 
these drawbacks and to provide, as far as 
possible, an effective safeguard both against 
incorrect connection of Ote apparatus and 
agamst failure of the eardi conductor, in 
addition to the usual fusible links in the 
supply protecting agafaist ov^loads and 
short-circuits. 

Aocordine to the invention an electrical 
protective device for interporition between 
an alternating current mams supply, which 
includes an earth conductor ancl a current- 
consuming apiriiance. comprises a relay or 
cucuit-breaker having contacts which open 
to isolate the apparatus from die supphr. die 
operating coil of the relay or circuit-b^er 
deriving its operatfaig voltage from a source 
dependent on the sum of two magnetic 
fluxes or from die sum of voltages derived 
from two magnetic fluxes, the ftnces being 
derived from the voltages across two pairs 
of conductors of the device, one of fiiese 
conductors being die earth conductor, 
whereby if the sum (tf die fluxes or of tiie 00 
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voltages is substantially below its correct 
vaJuc the rday or circuit-breaker will re- 
main open and the appliance will be isolated 
from the supply. 
5 In the case of a sinde phase supply the 
current for the opera tmg coil of tne relay 
or circuit-breaker may for example be de- 
rived from a potential source comprising the 
series-connected secondaries of two trans- 
10 formen» the iidmaries of which are con- 
nected respective^ one between the con- 
ductor intended to be connected to the live 
terminal of Ac supply and the conductor 
intended tor earth, the other between that 
15 intended fbr the Mve tenninal and that in- 
tended for the neutral. If the three con- 
ductors are correctly connected to live, 
neurtal and <!azth of the supply, then there 
will be substantially the full supply voIUgD 
20 across each primary and the resulting seoon- 
daxv voltages, which add up, are arranged 
to be sufSdent to dose the iday or circuit- 
breaker. If, however, ray or ahnost any of 
die connecdons are intercnanged, or if there 
25 is a break in a coxiductor, one or odier or 
both of the voltages will not appear and 
the relay contacts will remain open, isolating 
the apraianoe from die supp^. It wiU be 
appredated that this circuit accotding to the 
30 invention checks the continuity of i& earth 
connection right back to the point of the 
mains aupply where earth and neutral be- 
come common. 
According to a further feature of the 
35 invention provision is made for the passing 
of a current continuously through the pro- 
tective eartii sheath of the ap^anoe. and 
any interruption of this current, sudi as 
would be caused by damaee to the sheath, 
40 wiU isolate the alliance nom the supply. 
For example the current to the operetmg 
coil of the relay or dreni^breaker mentioned 
earlier coidd be passed tiireugfa the sheatii. 
In an dectricaUy heated blanlKt, warming 
45 pad» mattress or the like, for example, tiie 
heating element may be endosed in a con- 
tinuous braided flexible metal covering of 
which one end is earthed and cf whicb the 
two ends are connected In series widi the 
50 transformer secondaries mentioned earlier. 
Then aqy fracture of the braided coverifig 
will interrupt the supply to the cdl of die 
relay or dreuit-breaker (hereinafter referred 
to as a drcuit-breaker) and isolate the 
55 apjpUancd. 

Two maniples of dectrical s&fety devices 
and a modification will now be described 
by way of example with rrference to the 
accompanying drawings^ hi which: — 

60 Figure 1 shows the dreuit diu;ram of one 
form of the deivioe, also indicating the con- 
nections to the eppfiaooe. 

Figure 2 shows die circuit of a modified 
form, omitting the differential current relay. 

05 Figure 3 shows a modification which may 



be embodied in dther of the circuits of 
Figures 1 and 2. 

Referring first to Figure 1, tills shows a 
form of the device giving maximum protec- 
tion. The input terminal board or plug is 
shown at 1, having terminals N, E and L 
respectively for connection of the neutral, 
earth and Jive connections of a single phase, 
alternating current supply. Normally die . 
supply wQ] be in die form of one phase 
of a three-phase alternating cumnt suppb 
network and at some point in the netwodc 
there will be a star-connected transformer 
the second^ windix^ of which has its 
central star joint eartiied. The earth wire 
of the consumer's installation will nonn- 
alhr also be connected to an earthing rod or 
other conductor buried in the ground, and 
if dl the earth connections are correct this 
earth path should have a resistance low ^ 
enou^ to allow any earth faults to circulate 
diroughit 

The device according to the invention 
has, broady speaking. Uiree conductors 2, 
3 and 4 running throu^ it, eadi broken by ^ 
a circuit t»eaker A, and a further dreuit 
breaker B. The live and neutral conductors 
2 and 4 each have protective fuses F and 
series windings 5 and 6 on die outer Umbs 
of a differential current relay C of spedal 
construction, to be described later, and then 
aU three conductors lead to an output ter- 
minal board or sodcet 7. whidi indudes an 
extra earth terminal in addition to 
an earth terminal E,. 100 

A transformer T has a three^limbed core 
widi two primary windhus 8 and 9 and, on 
tile central limb, a singlelow-voltage secon* 
dary winding 10. It will be understood diat 
the transformer T may be replaced cqualfy 105 
wdl by two separate transformers havii« 
thdr secondary windings connected in series* 
One primary windh^g 8 is connected tinrong^ 
a conductor 11, conductor 12. the contacts 
of a push-button 13, and a fuse U between HO 
the neutral conductor 2 and live conductor 
4* The other primary winding 9 is con- 
nected throu^ a conductor 15, and the 
same <^uctor 12, contacts 13 and ftise 14 
between the earth conductor 3 and live 115 
conductor 4. 

A connection from one side of the secon- 
dary winding 10 is taken through a fuse 16 
to the opereting con 17 of the drcuit-breaker 
B and toenoe to the termfaial E,, and there ISO 
is a current path fiom terminal B|, on the 
ou^t terminal board 7, through the earth 
oonduct(»' 3, conductors 18, 19 contacts 20 
on the dreuit-breaker A, contacts 21 opi- 
ated by an armature 22 on die differential 125 
current relay Q and thence to the other side 
of the windine 10. 

The drcuit^vreaker A is dosed by means 
of a pushbutton 23 against the action of a 
spring 24, and its construction is such that 180 
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voltages is substantially below its correct 
value the relay or ciicuit*breaker will ic- 
main open and the appliance will be isolated 
from the supply. 

In the case of a sixuje {diase supply the 
cunent for the operamg coil <tf tne relay 
or circuit-breaker may for example be de» 
rived ftom a potential source comprising the 
series-connected secondaries of two trans- 
formers^ the primaries of which are con- 
nected respective^ one between the con- 
ductor intended to be connected to the live 
terminal of die sitpply and die conductor 
intended for earth, tte other between diat 
intended for the live tarmlnfl; and that in- 
tended for the neutral. If the dim con- 
ductors are cotrecdy connected to live, 
neurtal and c»rdi of die supply, dien diere 
will be substantially the full supply votege 
across each primary and the resuitiQg seoon- 
da^ voltages, which add up, are arranged 
to be sufficient to dose the relay or dzcuit- 
breaker. If, however, wiy or almost aiy of 
the connecdons are intenmax^, or ^ tnen 
is a break in a conductor, one or other or 
both of the voltages will not appear and 
the relay contacts will remain open, isolating 
the appliance from the supply. It will be 
appreciated diat diis drcuit according to die 
invention checks the continuity of die earth 
connecUon ri^t back to the point of the 
mains supply where eardi and neutral be- 
come common. 

According to a fiirther feature of the 
invention provision is made for the passing 
of a current continuous^ dirougb t& pro- 
tective earth sheadi of the ai^anoe. and 
any interruption of this cuoent such as 
would be caused by daman to the sheath, 
will isolate the appliance mm the supply. 
For example the current to the operatixig 
cdl of the relay or drcuit-breaker mentioned 
earlier cotdd be passed duou^ the sheadi. 
In an dectncal^ heated blantet, warming 
pad» mattress or the like, tot example, the 
beating element may be endosed in a con- 
tinuous braided flexible metal covering of 
wbidi one end is eardwd and of which the 
two ends are connected in series widi die 
transformer secondaries mentioned earlier. 
Then ai^r fracture of the braided covering 
will interrupt the supplty to the coil of the 
relay or cireuit*4reaker (herefaiafier referred 
to as a drcuit-breaker) and isolate Hut 
apjpdiance. 

Two maniples <tf dectrical safety devices 
and a modification wiD now be desoibed 
by way of example with rrfesence to the 
aocompanying drawiQgs» in which : — 

Eigure 1 shows the circuit dii^ram of one 
form of the device, also indicating the con- 
nections to the appBance. 

Figure 2 shows die drctdt of a modified 
form, omitting the differential corrent rday. 

Figure 3 shows a modification which may 



be embodied in dther of the circuits of 
Figures 1 and 2. 

Referring first to Figure 1, this shows a 
form of the device giving maximum protec- 
tion* The input terminal board or plug is 
shown at 1, having terminals N, E and L 
respectively for connection of the neutral, 
earth and Jive connections of a single phase, 
alternating current supply. Normal^ the 
supply wfil be in tiie form of one phase 
of a three-phase alternating cunent supply 
network and at some point in die networic 
there will be a star-connected transformer 
die secondary winding of which has its 
central star joint eardwd. The earth wiie 
of the consumer's installation will norm- 
alhr also be connected to an earthing rod or 
other conductor buried hi the ground, and 
if all the earth connections are correct this 
earth path should have a resistance low 
enott^ to allow a^y earth faults to circulate 
through it 

The device according to the invention 
has, broady speaking, diree conductors 2, 
3 and 4 running throu^ it, each broken by 
a circuit breaker A, and a further drcuit 
breaker B. The live and neuml conductors 
2 and 4 eadi have protective fuses F and 
series winding 5 and 6 on the outer limbs 
of a differentia] current rday C of special 
construction, to be described later, and dien 
ail three conducton lead to an output t^- 
minal board or sodcet 7. which indudes an 
extta eardi terminal E, hi addition to 
an eardi terntinal E.. 

A transformer T has a diiee^Umbed core 
widi two primary windings 8 and 9 and, on 
die central limb, a sfaigleiow-vohage secon- 
dary whidh^ 10. It will be understood diat 
the transformer T ro^ be replaced equally 
well by two separate transformers having 
their secondary windmgs connected hi series. 
One primary winding 8 is connected duoqgh 
a conductor 11, conductor 12, the contacts 
of a push-button 13, and a fuse t4 bifetween 
the neutral conductor 2 and live conductor 
4. The odier primary winding 9 is con> 
nected throu^ a conductor 15, and the 
same conductor 12* contacts 13 and ftise 14 
between the earth conductor 3 and live 
conductor 4. 

A connection from one side of the seocm* 
dary winding 10 is taken throu^ a ftise 1< 
to the operating coil 17 of the drcuit*breaker 
B and tbenoe to die termfaial E,, and there 
is a cunent path from terminal E|, on the 
ou^t terminal boani 7, through ^ earth 
conductor 3, conducton 18, 19 contacts 20 
on the drcttit^breaker A, contacts 21 oper^ 
ated an armaturc 22 on the diffetemial 
current rday Q and dience to the odier side 
of die win(% 10. 

The drcuit-breaker A is dosed by means 
of a pusb^mttott 23 against the action of a 
spring 24, and its construction is such that 
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the oonta^ 20 are only dosed when Ibe 
button 23 is folly depressed and as soon as 
it is released the moving parts are r^ursed 
to a smaU extent by the action ot the spring 

5 24» sufficient to open contacts 20 but not 
the remaimng contacts, and ihe cixcuit- 
bleaker is held in this posidon by a 
mechanical link (indicated diagrammatically 
at M) with the moving parts of the drcuit- 

10 breaker B if the latter is energised. On 
de^neii^sation of the dxcuit-breaker B the 
link M is released and the circuit-breaker A 
returns to its fuOy open position. 

The ciicuit*breaker B is closed by ener* 
15 gisation <rf its opeiatk^ coil 17» deriving its 
current from the secondary winding 10 of 
the transformer T. 

It is important to note that the sensitivity 
of the coil 17 is arranged to be suc^ that ft 

20 will not operate the circuit*breaker B if 
either of the windings 8 or 9 of the trans- 
former T is not rcMivin^ substantially its 
full voltan to produce m the secondary 
winding 10 a voltage dependent on die sum 

25 of the mametic fluxes produced by the two 
primary wmdings. 

The diffezential current rday C is of 
thite-limbed construcdon* widi a rocking 
armature 22 pivoted on its centre limb/and 

30 provided the current in the winding 5 is 
not less than that in the winding 6 the 
armature occupies the position shown, with 
the contacts 21 closed. An incrcase in the 
cunent in the winding 6. without a corre* 

35 sponding increase in the winding S will 
upset the bahince, tilting the armature to 
open contacts 21 and this also closes a 
further pair of contacts 25 to illumbiato m 
red pilot jight R by connecting it across 

40 the mains supf^. 

A green pilot ii^t O is connected by 
means of a centre-tap across half the secon- 
dary whuUng 10 of the trsnsfonner being 
controlled by extra contacts 26 on the 

^ circuit4)reaker B. 

The appliance which is supplied with 
current and protected by the device accord- 
ing to the hivention is shown diaoammatic- 
al|^ in the lower part of Figure 1» and may 

^0 take the form* fbr example^ of an eleetrio- 
ally heated blanket or mattress* an iron» 
dlectrie dxQl vacuum cleaner, food mixer, 
kettle, or any one of a number of sudi 
devices. The current oonsumbg element 

M is indicated at 27 protected by insulation 28 
from the exposed metal frame or casiiu; of 
the appliance shown at 29. Oonnecaons 
are made from two separate points on the 
metal frame or casing, one to the terminal 

40 B,, and the other to the terminal For 
example, wbere the appUaaoe is a neater, 
such as the electrie heathiA element of a 
heated blanket or mattress, me element may 
be enclosed in a AsxiUe braided metal 



sheath, and the two ends of the sheath are 65 
connected to £| and 

The terminal board 7 is conveniently in 
the fcmn of a socket into vAich a plug on 
the end of a four-wire flexible lead from 
the aralianoe is inserted. 70 

I will now consider the operation of the 
device: — 

If the device has been correcdy connected 
up to die mains supply, and if the push 
button 23 is npw depressed, the full mains '^^ 
voltage is applied to both the transformer 
primary whuUngs 8 and 9. The resultant 
voltage set up in the secondary winding 10 
causes a current to flow throu^ the operat- 
ing coil 17 of the relay B duough con- 80 
dttctor» 18 and 19, contacts 20. termmal 
Bj, the two earth leads and the metal frame 
or housing of the apjdianos, and back to 
the winding 10. This ener^ses the coil 17 
to close the circuit-breaker B and current 85 
passes to apj^iance. At the same time the 
pilot light O is illuminated by closure of 
the contacts 26. 

When the button 23 is released the con- 
Ucts 20 open but the mechanical liidc M 00 
hokfs the remaining contacts dosed. The 
current to the coil 17 is theii maintained 
through die neutral and earth conductors 2 
and 3, rigbt back to that point in the mains 
supidy network at wbidi die earth and 05 
neutral are joined, usually the star^point of 
the secondary wfaiding of a three-phase 
transforms at some point in the network. 

Now if any one of a number of different 
possible faults arises the device will isolate 100 
the protected api^ianoe oomi^tely from tibe 
sup^. For example, if the earth leads to 
the api^nce or the metal flrame or casing, 
or in the case of a heating element the 
braided sheading, is broken at any point 105 
the circuit to die coil 17 is broken, the 
circuit-breaker B opens, and ckcuit-breaker 
A b also opened by the release of the liidc 
M. The ii£^t O goes out The same 
result is achieved if there is any interruption HO 
or undesfarablly higji reristance in the earth 
connections of the supp^. U an earth fault 
devdops in the taisulation 28 of die apidiance 
then at least part of tiie current flows miou^ 
the earth 3 instead of the neutral conductor 115 
2, so that the current hi die wtaiding S falls, 
die balance in the relay C is upset, and the 
contacts 21 are opened, widi the same result 
as before^ but hi addition the red pilot lifl^t 
R is illumfaiated to faidicate the imsence of 120 
a fault to earth. 

Now if the device had been incorrectly 
connected in die first place, for example 
widi the live and neutral leads 2 and 4 con- 
nected respectively to the neutral and live 125 
ccmdnctors of the supply, dien die windhig 9 
of the transformer T would have received no 
current and die output in the sooonduy 
winding 10, behig half the normal figure. 
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woiUd be ii^deot to endwise the coil 17 
of the cixcait-bieaker B. 
likewise, if the earth and live conections 

were intcrchaiiged there would be no cuixent 
6 in the prwnaiy windinig 8, with the same 
result 

If aiyr time it is desixed to trip the 
device the user has only to depress the 
button 13. breaking the supidy to both the 
10 pnmaiywiiriiiip8and9oft3i 

T. A mechanical link N on this button 
also enables it to be used to reset the dif- 
ferential cunent relay C 
tr .1.'* win be seen that the device protects 
15 the appliance not only against earth faults, a 
breakage in the earth leads, or inoontct 
comcction of the appliance, but also against 
a &ilure in the confinui^ of the earOi 
connection of the suprfy and agafaist aiiy 
20 potwti^ dai«trous teoonect connecdSa 
fU^^^^to ib^ ^pply. Ftabcmore 
the Allure of almost any electrical com- 
ponent within the device will cause discon- 
nection of the supi^. 
26 The modified ftmn shown in Egure 2 
is similar ^ that of Figure 1 apart torn the 
omission of die differential current relay and 
a remaBgement of the pilot lights. Coire- 
spending parts have tbe same reference 
30 l?ttOT and numerals as in Figure 1. This 
sunplificd town of the device is less scnsidve 
man that of Figure 1 in that an earth &u]t 
between the currcnt-canying conductor and 
me eardi ieads or housing of the appliance 
36 will only be cleared by the Woprfng of a 
single fuse F in the live conductor 4. but 
otherwise the inotection is the same, aninst 
incorrect connection and against Inter- 
ruptions of earth continuity. Sisteadof the 
40 pilot lights R and O there is a neon lamp 
P across the live and neutral output leads 
of fte device indicating when current is 
available at ttese two points on closure of 
the cucuit-breaker B. and a further neon 
46 lamp Q across the ftise F lights up only 
when that fuse blows. i* / 

In certab drcumstanoes, where the mains 
stippjy network is such that there may be 
an appred^le voltage drop in the niietral 
oo conductor, produdng a potential difference 
between noutral andeaz^ the woddng of 
the device may be adversely affected, dnce 
tUs potential difference wiU appear in series 
IT. voltage of the secondary windiBg 

o6 10 of the transformer T. either augmentbu 
or opposing it» depending on the phase rela- 
»on,«Up; Accordh^gly Figure 3 shows a 
modificadon which may be embodied m the 
«A dther FJffure 1 or 2 to overcome 

60 this difficulty. TWs comprises simply the 
insertion of a full-wave rectifier bridge 31 
between the output terminals of the secon- 
dary whkdiqg 10 and the low-voltage circuit 
it supplies. Then the current circulated 
66 though the earth connections of the appli- 



ance, through die cofl 17. and through the 
earth and neutral conductors of die supply, 
IS a direct current, and is not affected Iw 
any stray alternating current potential dif- 
rerenoes. whidi may in any case be by- 70 
passed by a capacitor 32. ^ 
It will be understood that the arrange- 
ment of the pilot lights shown in the Fi^ires 
may be altered in many different ways widi- 
out affectirig the main purpose of the '^^ 
mvention. 

The device may be used to protect not 
only against electrical faults but also against 
overheating within the appliance it protects 
if use is made of the recendy developed 
insuIatjQg materials of which the elecMcal 
resistance tails comparatively quickly to a 
low value above a pre-detemdned tempera- 
ture. If sudi a material is used as die 
insulation 28 between die element and casfaig ^ 
of die appliance, dsen if die element over- 
hea^, or if the appliance catches fire, die 
resulting current path to eardi will upset 
die balance of die differenUal current relay 
C and the appliance is isolated. Then when ^ 
the appliance has cooled and the insulation 
has recovered its properdes, it may be re- 
connected to die supply. In diis way it 
inay be possible, especially for example in 
electric ketdes and in electrically heated d6 
blankets and mattresses, to ellmmate die 
need for any of die normally provided pro- 
tective devices such as low-melthig-point 
links or thermostats. 

The device according to the invention is 100 
conveniendy constructed as a compact unit 
adapted to be disposed near a domestic wall 
oudet socket or k may be mounted on the 
wall in place of sudi a socket, and it Is 
itself provided widi an oudet socket to re- m 
cdve a plug connecied to die appliance. 
The unit may if desired be provided widi 
two or more oudets sockets to accommodate 
a number of appliances, in which case it is 
arrai^d diat the insertion of each addi- 110 
uonal plug interrupts the earth loop and 
connects in series with it the es^ leads 
and casing of tiie furdier appliance. 



WHAT I CLAIM IS;~ 
, 1. An electrical protective device for 115 
interposition between an altematfatg current 
mains supply which includes an eardi con- 
ductor and a current-consumiog applianoe, 
the device comprisfaig a relay or circuit- 
breaker havfaig contacts ^ch open to ISO 
isolate the apparatus from die supply, the 
operating coil of the relay or circuit-breaker 
deriWng its operatisg voltage from a source 
dependent on the sum of two magnetic 
fluxes or from die snm of volt^ derived 125 
mm tm magnetic fluxes, tile fluxes being 
derived from tile voltages across two pairs 
of conductors of die device, one of tiiese 
conductors being the earth conductor. 
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wberei^ if the sum of the fluxes or of tbe 
voltages is substantially bebw its oonect 
value the lelay or dicuic-brealDer ivill xe> 
main open and the appliance will be isolated 
from the supply . 

2. An electrical protective device aocoid* 
ing to Claim 1, suitable for a single-phase 
alt^ating current supoly having a live and 
a neutral ooiuluctor Wnerein the one mag^ 
netic (flux is derived from tbe voltage 
appearing between the live and neutral con- 
ductors of the device and the other between 
the live and earth conductor. 

3. An electrical protective device accord, 
ing to Claim 2, wherein the operating 
voltage is derived from the secondary wind- 
ing or windiim of a transformer assen^ly 
having two pifinaiy windings connected res- 
pectively across tbe two pa&s of conductors. 

4* An electrical protective device accord- 
ing to Claim 3 wherein the transformer 
assembly comprises a single transtomer 
having two pritnary windings and a sixide 
secondary winding. 

5. An electricai protective device acccmi- 
ing to am" of Ciaiins 2 to 4. induding a 
differential current relay connected in the 
live and neutral conducton of the device 
and adapted, on the cmrent in the live 
conductor exceeding Oiat in flie neutral con- 
ductor, to interrupt the operating circuit of 
the relay or drcnit-breaker operating coil. 
, 6. Ao ele(^cal|^tective device aocoid- 
mg to ai^ of Claims 2 to 5» in which the 
operating circuit of the relay or drcuit- 
breaker operating coil indulges a pair of 
ounmt terminals ot the device adapt^ to be 
bribed by an earth loop <m the appliance. 

7. An electrical protective device acoonl* 
mg to any of Qafans 2 to 6, in which tbe 
drcuit of tbe rday or circuit-breaker 
operating coil indudes the earth and neutral 
conductors of the device and is only com- 
I^eted if the device is connected to tbe 
supply and the earth and neutral conductors 
of the supi^ have a common point 

8. An electrical protective device accord- 
ing to any of Cli^ 1 to 7 induding a 
manually dosed circuit-breaker interropSng 
all the conductors of the device and disposed 
dectrically between the input terminals of 
the device and the points of connection to 
tbe conductors from which the voltages pro- 
dudng the magnetic fluxes are (Atamed. 



9. An electrical motective device accord- 66 
ing to Claim 8, m which the maanaQy 
dosed circuit-breaker is tnged towards the 
open position by resilient means but, on 
dosure, is retained in tbe dosed position by 

a mechanical link engaged cady on dosure 60 
of the coil-operated rday or circuit-breaker. 

10. An dectrical protective device 
according to Claim 9» m which the circuit of 
the relay or cireuit4»eal»r <ypei^dng cofl 
indudes the earth and neutral conductors as 65 
speoifled in ClaQim 7, and in wbidh the 
manually dosed drcuit-teeakcr includes 
additioflial contacts ^^nf^ to bridge 
across between the eartb and neutral am* 
ductors of the device at points between tbe 70 
contacto of tile coil-opetated nd^y or dicuit* 
hneJcet and the ontput terminals of the 
device* these additional contacts bebg 
dosed on manud operation but re-opened 

by tbe resilieat means oi^ release^ ixres- 76 
^edtive of the position of the mechanical 

11. An electrical protective dome 
according to Claim 7 ia vidtidi the suppO|y 
drcuit to tile operating coQ indudes a gO 
rectifi^ whereiy me operating current whidi 
circulates thFOUflJi the earth and neutral con- 
ductors is unid»ctiDnal. 

12. An dectrical drcuit conmdsing a 
current-consumintg appUanoe fed urough a 86 
device according to Qaim 6 from an 2ter- 
nating cunent mains supply, in which tiie 
currsnt-oonsuming element is endosed in 

an dectrical^ ccmdncting sfaeatii* and this 
sheath forms the said earth loop. qq 

13. As electrical circuit comraisii^ a 
current-consuming ambiance fed tnrou^ a 
device accor^ng to Qaim 6, in whidi the 
eleotricaS insulation between the current* 
carrving dement of the appliance and tiie 05 
eardi loop is of a kind such tiiat its dec- 
trical resistance fells above a predetermined 
temperature.* 

14. An dectrical protective device 
arrammd and connected substantial^ as iaq 
descrmed witii reference to the accompany^ 

ing drawings. 

BARKER^ BRETTELL & DUNCAN. 
Chartered Patent Agents, 
IS Oreenfidd Crescent, 
Edfl^aston, 
Birmiq^iam IS. 



PROVISIONAL SPECDFICATION. 
Ptoteotive Device for Electrical (Hronits and Apparatns. 



I, MiCNASL OQRMBUtTS OsRRARD, a British 
Subject, of 18 Hidifleld Road. Cheadle 
106 Rulme. Cheshire, do hereby dedare this 
invention to be described in the following 
statement: — 



This invention is concerned with a 
device for protecting altenmti^ current 
electrical circuits and apparatus, in particu* 110 
lar porteble q>paratus. agahist dangers 
arising through faults and also against diose 
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arising through incorrect connections being 
made. 

A large proportion of portable domestic 
electrical apjdiances such as suction deaners. 
^ hair dryers, lawn mowers, dectric Uankets, 
portable drills, are at the raesent day stQl 
only fitted with two-core calbles, having live 
and neutral only, and there is no legal com- 
pulsion for the provision of an earth con* 
10 ductor. The consequent danger of the 
appliance becoming electricalL live is 
increased if in addition the leads are con- 
nected wronglv to the supply so that the 
single-pole switch is in the neutral instead 
15 of in the live conductor* 

Where three pin earthed supply sockets 
are provided there is still nothing to ensure 
that three-core cable is used to the appll- 
anoe^ and furthecmore even where three-core 
cable is used there is no certain^ that it wOl 
be connected oorrectty* When it is apr^n^* 
ated that there are six different possS>le 
ways of connecting three wires to three 
terminals, only one of which is correct, it 
^ will be understood that it is very eaiy for 
an appliance to be wrong^ connected to 
a phig by inexperienced hands. Freguently 
the appliance works satisfactorily and the 
danger is not realised untO an accident 

Again, even with the appliance correctly 
wired to the plug, any Interruption of the 
earth conductor mH not be detected and the 
apidiance wiU continue to be used in a 

8o potentially dangerous state. In industry the 
earth connectiaii of portable appliances is' 
often checked by discharging a heavy 
current through it from a test instrument 
from time to time, but no such dieck pro- 

^0 tects the domestic user of apiriiances. 

Use aim of the invention Is to overcome 
these draM^cks and to provide, as far as 
i>oss&le. an tfective safeguard both against 
moorrea connection of the apparatus and 

45 against fiiilure of the earth conductor, in 
additton U> the usual fuslbto links in the 
supply protecting against overloads and 
short-circuits. 
According to the invention a circuit for 

50 connecting an electrical ap^ianoe to an 
alternating current supply. v/Udh mxppfy 
includes an earth conductor* incorporates 
a rday havfaqp contacts which open to iso- 
late m apparatus from the supply, the 

55 operatbg oul of the rday behig enenised 
bv a mamedc flux derived from a combina* 
tion of fluxes energised ixom two different 
pairs of conductors in the circuit, one of 
whidi is the earth conductor* wherebv if this 

60 magnetic flux is substantially below its 
correct value the relay will remain open 
and the appliance will be isolated from the 
supply. 

In the case of a single phase supply the 
05 current fOr the iday coil may for example 



be derived from a potential source compris- 
ing the series-connected secondaries of two 
transformers, the primaries of whidi are 
connected respectively one between the con- 
ductor intended to be connected to tl^ live 70 
terminal of the supply and the conductor 
intended for earth, the other between that 
intended for the live termioal and that 
intended for the neutral. If the three con- 
ductors are correctly connected to live. 75 
neutral and earth of the supply, then there 
wiU be substantially the full supply voltage 
across each primary and tic resulting 
secondary voltages, which add up. are 
arranged to be sufficfent to dose the rday. 80 
If. however, any or ohnost way of the con- 
nections are interchanged or if there is a 
break in a conductor, one or other or both 
of the voltages will not appear and the 
rday contacts will remain open, isolating S5 
the appliance from the supp^. It vrill be 
appredated that this drcuit aoconUng to 
the invention checks the continuity or the 
earth connection rfght back to me point 
of the mams supply where earth and neutral 00 
become common. 

According to a furiher feature of the 
invention provision is made fOr the passing 
of a current continuously through the pro- 
tective earth sheatii of the apfdiance^ and 05 
any interruption of this current sudi as 
would be caused by damaee to the sbeatib. 
will isolate the appliance uom tiie sui^. 
For examine, die current to the rday coil 
mentiwed earlier could be passed through 100 
the sheath. In an decdicaUy healid 
bladcet. wanning pad. mattress or the like, 
for example, the n^tiQg dement may be 
endosed m a continuous braided flexible 
metal covering of whidi one end is earthed 105 
and of which the two ends are connected 
in series with the transformer secondaries 
mentioned eadier. Then any fracture of * 
the braided covering will interrupt the 
supply to the rday coil and isolate the no 
appliance. 

The circuit according to die invention may 
be convenient^ constructed as a unit having 
three input terminals fbr connection to the 
Bupfiy and four (or on^ three if no current 115 
is to oe passed mrough the eartiied dieatii 
of the appliance) output tenninals tor con* 
nection to the appliance. The uitit inco^ 

iterates the rday. the two transformers 
which may be wound on a siogle core for 120 
convenience) and also an eartii leakage 
relay, the coil <rf which is in series with that 
conductor which is intended for connection 
to the earth of the supply and the contacts 
of which are normally dosed and are in 125 
series with coil of the main relay. Then 
any leakage to earth caused by a short 
circuit from the dement or win&g of the 
appliance to the sheatii wiU ener^ the 
earth leakage rday whids hi turn wHl ISO 
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intemipt the circuit to the coil of fte main 
relay and the ai^nce win be isolated. 

Both the earth leakage relay and the main 
relay may indude extra contacts controlling 
the illumination of one or more low voltage 
lamps visible from outside the unit and 
indicating the working of the device. The 
lamps conveniently derive their power from 
an^tra winding on the tranrformer core. 

The unit may also incorporate an on/off 
switch for the appliance, either single<f)ole 
in the live conductor or double-pole in the 
live and neutral conductors if pnfeired 

It wiH be appreciated from the foregoing 
t^t the unit will only allow the connection 
of the apidianoe to the supply when all three 
connections to the suppb are contcdy made 
and are continuous, and the earth dieath of 
t^ apadiance itself is unbroken. Tbem* 
after the appliance wiH immediately be 
wholly isolated from the wppfy in the event 



of q) any breakage in the continuily of the 
earthing mtem apywhere before Or after 
the unit. (2) any breakage in the neutral 
conductor in or before the device. 0) any 26 
breakage in the live conductor in or befoii 
the device, and (4) any fault aiistqg whicth 
connects to the earth conductor any point 
m and between the live and neutral con* 
ductors. 30 

Whilst the invention has been described 
wth reference to a sin^phase supp^. it 
vnu be understood that it can readily be 
adapted to give equally effective protection 
to an appliance fed from a tiiree-phase or 85 
other mutd-idiase supply. 

BARKER. BRETTELL & DUNCAN, 
Chartered Patent Agents, 
75 A 77 Cohnore Row. 
Birmingham 3. 
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830.018 COMPLETE SPECIFICATION 
2 SHEETS 71,1, jrmrtng It a npnduetton of 
tht Ortfintt on a rtducid scalt. 
SHEETS I & 2 
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